Objectives: To characterize balance and mobility among diabetic elderly outpatients and to estimate the extent to which functional balance and mobility abnormalities can be influenced by sociodemographic, clinical and other functional factors in a cross-sectional study. Methods: Ninety-one elderly (65+ years) outpatients were assessed. Mobility was evaluated by the Timed Up and Go Test (TUGT) and the balance, by the Berg Balance Scale (BS). Results: TUGT mean score was 15.65 ± 5.9 seconds and BS mean score was 49.31 ± 7.3 points. Using linear regression analysis (α ≤ 0.05), significant and independent positive relationships were obtained between TUGT and age, daily activities (ADL/IADL), step strategy, and proprioceptive sensitivity. Factors negatively associated with BS were: ADL/IADL, step strategy, proprioceptive sensitivity, orthostatic hypotension (OH) and conflictive sensory conditions. Conclusion: Elderly diabetic outpatients show abnormal balance and mobility related mainly to advanced age, disability, absence of step strategy, absence of proprioceptive sensitivity and presence of OH. Arq Bras Endocrinol Metab. 2009;53(7):834-43.
plex and a multidimensional task itself. A functional approach designed to clinically assess balance and mobility is employed to determine whether or not a balance disturb exists and if treatment is needed (1) .
Diabetes mellitus (DM) is a chronic disease whose complications may cause damage to the balance maintenance systems, besides being a strong predictor of self-referred functional limitations, worse performance in lower limb functions and falls (2, 3) . Postural unsteadiness is not a direct feature of DM, occurring only in association with chronic complications as neuropathy or aging (4) (5) (6) (7) . The prevalence of diabetic complications significantly increases with the duration of the disease, age, and poor patient glycemic control level. DM is also associated with geriatric conditions -falls, incontinence, low body mass index, dizziness, vision, hearing and cognitive impairments -and dependence on activities of daily living (ADL) (8) .
Posturographic paradigm have identified that aging imposes changes in balance, such as lower amplitude of ankle strategy allied to neuromuscular slowing, agonistantagonist co-activation that results in higher utilization of the hip strategy even during subtle perturbations, a higher center of pressure amplitude and sway, decreased central integration, dependence on visual input (specially in dynamic control), impaired adaptive capacity during situations involving sensorial conflicts, a lower maximum voluntary inclination, and poor lateral control of sway (9-13).
It is not clear which is the main somatosensory determinant of postural instability; however, it has been observed that instability increases according to neuropathy severity (14) (15) (16) . Diabetic individuals have worse adaptation to sensory conflictive situations, and present a greater dependence on visual input, similarly to what happens to aging (14, 16, 17) , but with a great difficulty in carrying out visual-vestibular compensation (18) .
Posturography protocols are more accurate than functional examination for the assessment of subclinical balance systems alterations in elderly, diabetic and neuropathic patients. Most studies have focused on the understanding of each impaired subcomponent underlying functional balance limitation. However, it would be valuable for the health professionals to understand the functional performance resulting from the underlying balance impairments, as they have immediate clinical utility, low-cost and easy application. We hypothesize that elderly diabetic functional performance in tasks that involves general mobility and balance may be influenced by age, sex, global functional capacity in activities of daily living, foot abnormalities, pain in lower limbs, medications, orthostatic hypotension, comorbidities, sensorial organization and limits of stability. These tests are actually performed during evaluation of geriatric recurrent faller outpatients or in the rehabilitation setting, but rarely in the primary attention. Knowledge about determinants of disabled functional balance and mobility among diabetic elderly patients allows health professionals to plan preventive rehabilitation strategies that minimize the impact of functional and sensory complications of diabetes in a clinical setting.
The main objectives of this study are: (1) to describe functional balance and mobility performances among elderly diabetic outpatients; (2) to identify abnormalities in the performance of these functional tasks and (3) to estimate in which extent balance and mobility can be independently influenced by sociodemographic, clinical and self-related functional factors among these subjects in a cross-sectional study design.
mAterIAl AnD methoDs
A cross-sectional exploratory study was conducted with community-dwelling older adults (65 years of age and over) of both sexes with a confirmed diagnosis of type 2 diabetes mellitus (19) , followed up in an outpatient basis in a large academic medical school hospital in São Paulo, Brazil. Exclusion criteria were: diagnosis of dementia or cognitive deficits; severely impaired visual/auditory acuity; lower and upper-limb amputations in any level; lack of independent ambulation; chronic alcoholism. Informed consent was obtained prior to data collection and the study was approved by the local ethics committee.
Procedures
Participants were interviewed by means of a multidimensional questionnaire that included the following variables: sex, age, number of comorbidities, number of medications in use, insulin use, years of diagnosed DM, pain in the lower limbs (yes/no), complaint of instability or dizziness (yes/no), number of falls reported during the previous year, use of assistive devices for ambulation (yes/no), subjective perception of hearing and visual acuity (excellent/good or poor/ bad). The degree of independence in activities of daily living (ADL) was based on the number of activities in which the subject reported a certain difficulty from a checklist of 15 basic and instrumental ADL (getting in and out of bed, eating, combing one's hair, walking on flat ground, bathing, dressing, toileting, climbing stairs, taking medicines, walking a short distance, shopping, preparing meals, cutting toe nails, using public transport, grooming), from the "Brazilian OARS Multidimensional Functional Assessment Questionnaire" (BOMFAQ) (20) . Cognitive status was assessed by the Mini-Mental State Exam (21) .
Nutritional status was evaluated by the body mass index (Kg/m 2 ). Visual inspection of the feet was conducted. Touch-pressure protective sensation of the feet was assessed by the 5.07 Semmes-Weinstein monofilament (10 g), assuming the following criteria: base of the first and fifth metatarsi; calcaneus and dorsal region of the feet between the first and the second metatarsi. The number of non-sensitive points or points whose localization was not perceived by the subject was registered. For vibratory sensation, a 128 Hz tuning fork was used on the medial and lateral malleoli, the base of the first metatarsi bilaterally, and on the dorsal surfaces. The presence or absence of sensation was registered as well. In the presence of ulcers and hyperkeratosis, the adjacent region was verified by means of both tests (protective and vibratory sensations). For verifying proprioceptive sensitivity, the participant was asked to identify the kept position of the great toe, after segment passive motion.
Orthostatic hypotension was detected by repeated systemic arterial pressure measurements through a portable sphygmomanometer at rest and after standing for three minutes.
The Clinical Test of Sensory Interaction and Balance (CTSIB) clinically assesses the influence of sensory integration in upright postural stability at three ranges of 30 seconds trials each (22) . The test consists of six variables according to those six different sensory conditions that either eliminate input or produce inaccurate visual and surface orientation inputs. The trial was interrupted if the upper limbs were displaced from the trunk; if one or both knees were flexed; if either toes or heels were raised from the ground; if the subjects used a footstep to keep balance; or if the patient attempted to hold onto the technician during test execution.
The Reactive Balance Strategy (RBS) refers to the individual's ability to generate reactive postural synergies centralized at the ankles (ankle strategy) within the base of support, or out of the base of support (step strategy) as a response to manual external perturbations behind the patient, varying in intensity by the observer (23).
Functional mobility and balance were assessed by the Timed Up and Go Test (TUGT) (24) and the Balance Scale (BS) (25) , respectively. Each test-score represented one quantitative dependent variable. In the TUGT, participants were timed in seconds, starting from a seated position, standing up, walking three meters, turning, walking back and sitting down again. The longer the time, poorer was considered the mobility. The normal time to complete the task is between seven to ten seconds (24) . The BS assesses functional performance based on 14 items common to daily life. Total scores varies from zero to 56 points, each score item deriving from an ordinal scale with five categories ranging from zero to 4 points. The higher the score, the better was the balance. Despite the high correlations between BS and TUGT (r = 0.76), each scale assesses different constructs of balance, that is to say, balance ability during activities when sitting and standing in the case of BS, and balance ability during timed locomotion and ambulatory transfers in the case of TUGT (25, 26) .
statistical analysis
Initially, descriptive statistical analysis was undertaken (central tendency measures, dispersion, kurtosis and skewness) to characterize the dependent variables (balance and mobility) as well as functional, clinical and sociodemographic factors. For preliminary analysis, independent-samples T test was used to compare the mean of the quantitative dependent variables (TUGT and BS) between gender and other dichotomous independent variables; for qualitative independent factors with 3+ categories, analysis of variance (ANOVA) was used, both tests assuming a level of significance of 0.05. Preliminary correlations between dependent variables and the quantitative independent variables were evaluated by Pearson's coefficient, considering a correlation above 30% (r = ± 0.30) and descriptive level of 0.05.
In a second step, associations with descriptive levels below 0.05 were selected for the following phase. With the aim of identifying balance and mobility determinants in the sample (factors independently associated with dependent variables), we carried out multiple linear regression analysis in blocks, assuming a level of significance of 0.05. Multicollinearity between the selected independent variables was tested with the variance inflation factor (VIF). Any values between 0.19 and 5.30 were considered acceptable for absence of collinearity (27) .
results
Ninety one elderly patients participated in this study (74.4 ± 5.9 years), the majority being female (65.9%), white (70.0%) with a diagnosis of diabetes for less than 10 years (56.5%) and mean length of time of 13.4 ± 9.9 years. Approximately 30% of them were using insulin as part of a therapeutic scheme.
Mean mobility by TUGT averaged 15.7 ± 6.5 seconds; 11.1% of the subjects carried out the functional task in less than 10 seconds, while the majority (67.8%) spent between 10.01 and 20 seconds. The remaining 21.1% of the subjects completed the task in more than 20 seconds. Patients averaged 49.3 ± 7.3 points when taking the functional performance of balance (BS).
Patient's BMI averaged 28.0 ± 3.6 kg/m 2 . The mean number of comorbidities was of 3.4 ± 2.1 illnesses, and the number of medications taken was 3.8 ± 2.2. Sensitivity impairment was predominantly found in the protective modality: only 36.3% did not show sensitivity alterations in the test with monofilament. A great number of subjects complained of visual problems, classifying their general visual acuity perception as poor or bad (47.2%), as regarding hearing acuity perception we found the contrary (Table 3 ). Approximately 41% of the subjects reported at least one fall occurrence during the last year, 15.4% of them presented recurrence. Tables 1 and 2 present the correlation between mobility and each independent variable of the study. Pearson' s coefficient.
Factors associated with functional balance and mobility Those independent variables that reached statistical criteria for presence of correlation with each dependent variable at the preliminary (bivariate) analysis were selected for linear regression models to explain the rank of independent association between these variables and functional balance and mobility. Linear regression analysis was conducted for both TUGT and BS, considering these numeric and dichotomic independent variables disposed in blocks as a similarity of constructs: neurosensitive symptoms, ADL/ IADL, clinical, sensory and motor strategies. In all models, sex and age variables were included (Tables 3 and 4) .
Variables were removed one by one from each model based on the higher descriptive level (p-value) obtained until the final model was ascertained, whose pvalues should be below 0.05. Table 5 displays the multiple linear regression final model for balance and mobility impairment. The results shows that proprioceptive impairment represents an increment of approximately 14 seconds in timed TUGT performance (p < 0.001). There was no collinearity between the independent variables (VIF between 1.028 and 1.538). 
DIscussIon
The mean TUGT time score (16 seconds approximately) indicated that this diabetic elderly sample demonstrated mobility limitations associated with functional frailty or impairments (24) . The mean 49.3 points in BS clearly shows that elderly diabetic patients present some balance disability and this score is near to the cut-off score for fall risk according to Shumway-Cook and cols. (28) . Functional, clinical and sociodemographic characteristics of this sample does not substantially differ from those found for an elderly Brazilian population resident in a large metropolitan area, except regarding ADL/ IADL, and the occurrence of falls (40.7%), higher than in other populational studies (29, 30) . Almost 30% of the individuals reported difficulties to accomplish seven or more daily activities, while less than half of the subjects referred difficulty to accomplish three activities. The smaller occurrence was found at "no difficulty" category. These findings were significantly different from the population of community-dwelling elders, as 67.3% of them related difficulties in up to 3 activities (31,32). Our sample comprised elderly volunteers recruited from an outpatient clinic facility, denoting a more frail functional profile in comparison to the communitydwelling elders.
The high number of self-related chronic comorbidities, similar to that found by Ramos and cols. (32), is remarkable. The mean 13.4 years of DM diagnosis was identical to Volpato and cols. (33) . However, the functional profile was not the same as that found in the community: diabetic elders present a poorer global functional status. This is in agreement with the fact that elderly patients perceive their condition of health and well-being more by the capacity of carrying out independently ADL than by the number of medical diagnosis themselves. Among community-dwelling elders, disability represents an increased risk of death, allied to age, hospitalization reported within a period of six months, and cognitive impairment (31) .
A strong independent association between functional balance measures (Balance Scale and Timed Up and Go Test) and referred ADL/IADL was found, in agreement with other studies (20, 24, 34) . Our patients were significantly functionally limited, with low adaptive performance. Elders with self-report of balance disability or weakness tend to be older, having less BMI, Factors associated with functional balance and mobility and with worse performance in tests of global mobility (35) . Diabetic subjects are usually younger and present decreased mobility, ADL/IADL disability, higher risk of lower limb function decline and an increased incidence of new disability (33) . The negative effect of DM on the physical function occurs in addition to the presence of chronic complications over time (33) . Poor balance is a strong intrinsic risk factor for falls; however, in our sample, we found that balance and mobility were similar among faller and non-faller elderly. The cross-sectional design of our study makes impossible to draw conclusions about the temporal sequence of the events of functional disability and falls. Nevertheless, there are some early evidences that increased risk of falls in elderly diabetic individuals are associated with female gender, age over 75 years, poor diabetic control, use of walking aids and previous stroke (36) .
Several studies demonstrated association between diabetes and mobility limitations (5, 37) , also reporting balance disorders and weakness (35, 38) . Although in the present study we did not directly test biomechanical aspects such as muscular strength, torque and range of motion, they are a crucial part of the plan of action execution as a reaction to internally or externally provoked balance disturbances (1, 39) . In stabilometry, increased postural sway of neuropathic patients is more associated with timing and accuracy of nervous control than strength (40) . In the case of aging with neuropathy, a delay in the activation of postural reaction occurs even in the presence of visual input (1, 18, 41) . Possible compensations for it would be increasing the intensity of the responses, using greater anticipatory control or even increasing dependence on visual information (1, 39) . Balance and gait differences between diabetic with and without neuropathies are the result of touch sensibility and not muscular strength or vision (42, 43) .
Almost half of our patients presented an abnormal performance in the clinical test of reactive-balancestrategy. Underestimation of cases of reactive strategy disability may have occurred. It is known that this test is not as susceptible to subtle alterations if compared to dynamic posturography with electromyography protocol, which characterizes dynamic and cinematically complex movement patterns (1) . The use of a functional test, that aims to obtain qualitative data from direct observation of disorders in balance responses to external disturbances, was justified in an attempt to contemplate a constitutive aspect of the concept of balance assumed. This is not a validated method despite its extensive application in the therapeutic setting. We observed that both impairments in motor reactive strategies, ankle and step were associated with the two other functional tests. However, independent association between impaired balance and mobility occurred only with impaired step strategy.
The ankle strategy is the first strategy used to respond to any external perturbation and is appropriate to the maintenance of balance for small sways when standing on a firm surface. On the other hand, taking a step to recover equilibrium is a common strategy especially during gait and when keeping the feet in place is not relevant. Elderly individuals at risk of falling tend to use the stepping, reaching and hip strategies more than others with low risk of falling (39) .
Both elderly and neuropathic diabetic subjects exhibit a propensity to alterations in movement patterns or absence of ankle strategy (12) (13) (14) . In the present study, we found a low frequency of elders with abnormal step strategy, indicating that they were unable to recover protectively from a center of body mass displacement outside the base of support, in order to avoid a fall. The absence of this motor strategy, in opposition to ankle strategy, may be an explanation for balance and mobility disorders. Thus, functional balance and mobility disorders can be taken as a severely impaired reactive strategy and not as small age-related changes.
Proprioceptive sensitivity was the main determinant of balance and mobility of the three sensory systems evaluated. In our study, impairments in this sensitive modality represent an addition of 14 seconds in TUGT performance and a decrease of more than nine points in BS. Previously, it has been demonstrated that in healthy elderly people the dynamic position sense of the ankle contributes to alterations in the whole physical function and balance (44) .
Cutaneous-protective and vibratory modalities lost their explanatory power after linear regression analysis. Our study is in agreement with Nardone and Schieppati (40) , who also did not find a relationship between the clinical test of tactile sensitivity and balance in diabetic patients with neuropathy, contrary to the notion that the afferent cutaneous fibers would play a critical role in postural control.
The ability of re-weight sensory information depending on the sensory context is important for maintaining stability when an individual moves from one sensory context to another (39) . Sensory integration measured by CTSIB showed an independent association betwe-en balance and the conditions of sensory conflict with unstable or stable platform and, specially, with visual and vestibular conflict. The results from the regression analysis corroborate the clinical hypothesis that diabetic elders are visually-dependent as described by ShumwayCook and Woollacott (23) . These results allow us to conclude that an altered proprioception or impaired sensory interaction increases the chance of balance and mobility disability among elderly diabetic patients.
Compared to TUGT, BS includes tasks that involve a narrow base of support (items 7 and 12-14 of the scale). It is recommended that a test of unipedal stance could be used clinically in elders with moderate peripheral neuropathy diagnosed by electroneuromyography, even in the absence of difficulties reported by the patient. However, normal situations in the daily routine could be sensitive enough to identify balance deficits in this population (45) . The difficulty in maintaining a narrow support base is associated with the somatosensory input affected in diabetic patients with neuropathy. Hurvitz and cols. (46) showed that the test of unipedal stance is a good predictor of peripheral neuropathy, with 83% of sensitivity and 71% of specificity, added to a negative predictive value of 90% and positive of 57%. If abnormalities are found in this simple test taken at the primary attention, clinical and electrophysiological evaluation should confirm the presence of neuropathy (46) .
Orthostatic hypotension was independently associated with functional balance in the present study. Despite weak evidence of fall-risk among communitydwelling elders, in diabetic elders autonomous neurological function influences postural adaptation, even in subjects without clinical diagnosis of orthostatic hypotension (47) .
The generalization of our results is limited to elderly diabetic outpatients. Exploratory interest on strictly functional balance and mobility motivated our decision to characterize and to explain these abnormalities in the elderly diabetic outpatient population. To reach this objective, we did not use any accurate test to diagnose neuropathy, as we were not aiming to investigate the causal relationship between this diagnosis and their referred impairments. Our study provides insights on the role that simple measurements play in the delimitation of abnormalities in complex functions, such as balance and mobility in the clinical routine at primary attention. We can infer that low self-referred functional capacity, the absence of step strategy, abnormality in proprioceptive sensation and in sensory interaction during conflict situations, as well as the presence of orthostatic hypotension, determine poor functional performance in daily tasks, which could be a potentially increased risk for falls. It is recommended that health care staff includes these factors in a comprehensive assessment of the elderly diabetic, considering that they can explain balance and mobility abnormalities. Besides, the identification of these factors can orient an early individualized rehabilitation program.
